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Temperature controlled AFM measurements
Atomic Force Microscopy (AFM) experiments were performed with a Bioscope equipped with a Nanoscope IIIA controller (Veeco Metrology, USA). We constructed a temperature-controlled stage based on a circulating water bath on which we could mount the Bioscope head. Imaging was performed in tapping mode at a scan rate of 1-2 lines/s using triangular silicon nitride cantilevers (Olympus OMCL-TR400PB-1, Japan) with a nominal spring constant of 0.09 N/m and a resonance frequency in liquid between 8-9 kHz. The force applied to the membrane was adjusted to the lowest possible value allowing reproducible imaging. In this paper we present data corresponding to cooling scans of the lipid bilayers always starting from a temperature of 35°C which assures good lipid mixing. The sample temperature was continuously monitored by a digital thermometer Fluke 16 (Fluke, Italy) equipped with a small K-thermocouple probe (Thermocoax GmbH, Germany) in direct contact with the imaging buffer. The sample temperature was changed in steps of 1.4°C if not otherwise specified. After each temperature step, the lipid bilayer was allowed to equilibrate before acquiring an image at a constant temperature. To asses the equilibrium condition, consecutive AFM scans were performed until, when possible, no perceptible changes were observed in two subsequent images.
If a heating scan was performed after a cooling one, the same general trend was observed but with a hysteretic behavior. The melting temperature in the heating scan was generally higher but the coupling or uncoupling of the leaflets were maintained. In general the cooling scans gave the best reproducibility. This behavior has been found also in DMPC supported bilayers (35). This has been attributed to very long relaxation times for solid phases which introduce residual lateral stress in the supported bilayers and make their behavior strongly dependent on the thermal history of the sample.
After an analysis performed on a specific area of the lipid bilayer, the AFM tip was moved to an area not previously imaged to verify that the observed features where not influenced by the repeated scans.
Image Analysis
For image analysis we used the height images. We converted the AFM images into graphical files using WSxM (Nanotec Electronica, Spain) (36). Then, we opened these graphical files in Adobe Photoshop C3 (Adobe, USA), marked the different lipid domains manually and calculated the respective areas to determine the fraction of each with respect to the total bilayer area.
We made sure that the imaged areas were representative samples of the entire bilayer and that no imaged-area-dependent information was obtained from the analysis. We performed a series of scans (5μm × 5μm) in contiguous regions on the bilayer in order to explore a total area of 200 μm 2 in the conditions which assured the presence of the different lipid domains of interest. Then the absolute area values of the different domains were determined for each scan. Afterwards, the results of several measurements on different regions of the bilayer were added and the overall fraction composition was calculated. It resulted that the fraction of the lipid domains reported stops to be dependent on the imaged area for values higher than 75 μm 2 for all the transitions studied. Therefore, we acquired images on a scan area of 100 μm 2 .
DSC
Differential scanning calorimetry (DSC) measurements were performed with a VP-DSC from Microcal (Northhampton/MA) using high feedback mode at a scan rate of 5 °K/h. Suspensions of POPE:POPG 3:1 at concentrations of 10mg/ml were sonicated for 30seconds in an ultrasonic bath prior to the measurements. Excess heat capacity profiles of the sample were directly measured in the calorimeter cell. Integrating this curve allowed for the determination of the transition enthalpy. 
Lipid bilayer/substrate interaction
The interaction energy between a lipid bilayer and a substrate results from the balance of mainly three terms: the van der Waals interaction, the double layer interaction, and the hydration interaction [1] . The van der Waals interaction energy results in an attractive force at any distance. The double layer effect depends on the surface charge of the two interacting surfaces. The mica has a negative surface charge in solution and the bilayer surface charge depends on the lipids. The decaying length of the double layer force is exponentially related to the presence of electrolytes in solution via the Debye screening length, whose magnitude decreases upon an increase of the ionic strength of the solution. Both the van der Waals and the double layer interactions are described by the DLVO (Derjaguin-Landau-VerweyOverbeek) force. The DLVO theory does not describe accurately the interaction forces at high ionic strength as the one we used for SLB assembling where the electrostatic forces are strongly screened. In solution, another short-range force, the hydration force, is present between two surfaces. In our case, at small separation distance between a mica surface and a lipid bilayer, this force is repulsive. It can be described in different ways as a consequence of stable structured water layers in the vicinity of a surface, especially in the case of a solid surface, or as a force due to entropic factors, namely thermal fluctuations. The second description applies mainly to soft interfaces such as lipid bilayers. It can be divided in two motional contributions: protrusions and undulations. In the case of lipid bilayers the contributions come from the protrusion of the lipid headgroups and the collective undulations of the bilayers. All these contributions depend on temperature and are inversely proportional to the mechanical parameters of the surfaces. In our context the mechamical parameters of interest are the bending and the area expansion modulus of the lipid bilayer. It should be mentioned that the undulation contribution also depends on the tension in the bilayer. It follows that in the proximal leaflet, a solid ordered domain, due to its different mechanical properties with respect to the liquid disordered phase, has a stronger interaction with the substrate than liquid disordered domains. Generally speaking, the interplay of all forces acting between a lipid bilayer and a solid substrate is quite complicated. Moreover all the forces depend on the environmental conditions such as pH, electrolyte type and concentrations, temperature and the hydrophilicity of the interacting surfaces. Nonetheless, the overall balance of the interaction energies between the lipid bilayer and the substrate leads to an equilibrium distance between them. All involved forces have a strong dependence on distance. Thus the substrate exerts its influence on the bilayer with an interaction stronger on the proximal leaflet than on the distal one. In our studies we only concentrated on the ionic strength of the solution and we did not take into consideration specific ion effects, even if they are ubiquitous in biology.
1 Israelachvili, J. N. Intermolecular and surface forces, Academic Press, London, 1991.
Comparison of DSC with the AFM experiments
We performed DSC experiments on small unilamellar vesicles under the same conditions used for the AFM experiments. From these experiments we could calculate the bilayer transition enthalpy. In fig. S2 results on experiments on a POPE:POPG 3:1 mixture in 150mM KCl at a pH of 5.6 are reported. The fractional occupancies of the three different phases are plotted as a function of the temperature. On the plot also the transition enthalpy has been reported. It can be concluded that the lower-temperature transition and the evolution of the transition enthalpy overlap. This agrees with findings of Keller et al. on another lipid system (1). It has been suggested that the lower-temperature transition is due to the melting of the distal bilayer leaflet, which is less influenced by the solid support. 
Effect of pH and buffers on the main phase transition of SLBs
The effect of different pH values on the main phase transition behavior of POPE:POPG (3:1) bilayers was investigated.
The influence of the pH was analyzed in buffers with 150mM KCl or 10mM KCl, 10mM potassium dihydrogen citrate at pH values of 3, 5.6 and 7.
The AFM measurements have been compared with DSC measurements at different pH. The heat capacity profiles of mixtures of POPE:POPG shifted to lower temperatures upon a pH increase from 3 to 7 with a linear relationship between the transition midpoint and pH. The same behavior was found in the temperature dependent AFM measurements.
Concerning the coupling of the leaflets in the phase transition the same behavior as described in the original article has been observed. Incubations at ambient temperatures and below resulted in a decoupled melting. Only after incubations at temperatures above 33°C one direct transition from l d bilayer phase to s o bilayer phase was detected.
In figure S3 the fractional occupancy of the bilayer liquid disordered and solid ordered phases is reported for two different pH values (5.6 and 7). The SLBs were incubated at ambient temperature. It is clear that in both cases the two leaflets are uncoupled and by increasing the pH the transitions shift to lower temperature. In addition we have performed measurements using a PBS buffer (137mM NaCl, 2.7mM KCl, 12mM phosphate, pH 7.4) on a POPE:POPG (3:1) SLB. Figure S4 reports the behavior of the SLBs observed by temperature controlled AFM for three different sample incubation temperatures (21°C, 34°C and 36°C). In all three cases we have found the presence of an intermediate phase. However, the intermediate phase did not grow until it covered all the membrane before starting the lower temperature transition. At a certain temperature solid (Table  S2) . For each incubation temperature we reported two AFM images. The upper image was acquired immediately before the appearance of the bilayer s o phase whereas the lower image was obtained immediately after its appearance. To better illustrate the presence of the different phases we have included a section analysis for each of the lower images. Figure S4 : AFM height images (10 µm × 10 µm) of SLBs of POPE:POPG 3:1 in PBS buffer which have been incubated at different temperatures. Each column shows two images acquired at two different temperatures on a bilayer incubated at the temperature specified at the top. In each column the first image represents the lateral organization when only the liquid disordered and the intermediate phase were present. The second image was taken immediately after the solid ordered phase occurred. The height sections correspond to the respective solid lines in the images above. The results obtained in PBS show that a direct appearance of the bilayer solid ordered phase did not occur for incubation temperatures of the SLB up to 36°C. This behavior was partly different from the behavior observed in the other experiments. This can be ascribed to specific ion effects or to an interaction of the buffer in the lipid packing parameters. It is clear that further systematic studies are needed to obtain a more detailed understanding of the system. However, from the performed experiments it is evident that both the presence of ions and the incubation temperature of the SLBs are able to influence the behavior, specifically the interleaflet coupling, at the main phase transition.
SLB incubation temperature
Dynamical heterogeneity between the two leaflets
The presence of an uncoupled behavior of the two leaflets could be ascribed to dynamical heterogeneity, namely a different lipid mobility in the two leaflets. Recent experimental results have shown that the lipid diffusion in free standing bilayers (GUV, Giant Unilamellar Vesicles) is more than two times faster than in supported lipid bilayers measured in the same conditions (the diffusion coefficient is D = 7.8 µm 2 s -1 for GUVs and D = 3.1 µm 2 s -1 for SLB) (1). Moreover no effect of the presence of ions has been found for both model systems. A different and more complicated issue is the possible difference in diffusion coefficients between the two leaflets. The asymmetric dynamic properties involve the strength of the interleaflet coupling. In literature different results can be found. Hetzer et al. (2) found that the outer leaflet has a diffusion constant which is two times faster than the inner leaflet, pointing to an independent behavior of the two leaflets. Recent results found the same translational diffusion coefficient for both leaflets within a 10% experimental uncertainty (3). In the latter case a strong coupling between the two leaflets could be the reason for the same lateral mobility. However, our results show that the behavior and the interleaflet coupling are strongly related to the experimental details of the sample preparation. So, it is not always possible to compare the obtained results even if on the same system. The diffusion coefficient decreases as the surface density of the lipids increases in free bilayers. In the case of substrate supported bilayers we expect also a strong effect of the surface density and monolayer pressure on the bilayer/surface interaction and on the interleaflet frictional effects. This means that the surface density of one of the two monolayers can influence the behavior of the other one. For example, Merkel et al. (4) found that increasing the packing density of the proximal layer an increase in the diffusion coefficient for the distal layer was obtained, probably due to an interdigitation effect which is modulated by differences in packing densities of the two leaflets.
Also the effect of surface treatment on the lipid diffusion coefficient has been studied and it has been found that surface processes which gave the highest diffusion coefficient were the same that gave rise to the greatest probability of observing the coexistence of different domains in the lipid bilayers (5). 
